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Abstract
Background: Mucins are critical cytoprotective glycoproteins and alterations of epithelial gastric
mucins have been described in different pathological conditions. The purpose of the present study
was to evaluate the putative usefulness of mucins in understanding the progression of gastric cancer
and gallstone formation in a better perspective.
Methods:  Formalin-fixed paraffin-embedded gastric biopsy specimens and surgically resected
gallbladder tissue samples were sectioned. Alcian Blue (AB) staining was performed to identify
sialomucins (staining blue at pH 2.5) and sulfomucins (staining brown at pH 1.0) and then Periodic
acid-Schiff's (PAS) staining to visualize the neutral mucins (staining magenta).
Results:  In normal gastric and gallbladder mucosae, we found that neutral mucins were
predominant, whereas in intestinal metaplasia, gastric carcinoma and stone-containing gallbladder,
a significant increase of acidic mucins was found.
Conclusion: We suggest that the sulfomucins have a greater role in gallstone formation than the
neutral mucins and also that the sialomucins and sulfomucins play an important role in cancer
progression and metastasis. Our results challenge the glycobiologists to delve deeper in elucidating
the role of mucins in gastric malignancy and in gallstone formation.
Background
Mucins are expressed by various epithelial cell types that
exist in relatively harsh environments [1]. Changes in the
expression levels and glycosylation of mucins have been
associated with several diseases, including carcinomas
[2,3]. In gastric cancer, alterations in mucin expression
have been reported: increased mucin heterogeneity [4]
and glycosylation changes including exposure of simple
mucin-type carbohydrates [5]. Mucin histochemistry has
been used to characterize these transformations of normal
gastric epithelium leading to intestinal metaplasia and to
carcinoma [6]. These observations suggest that the reper-
toire of mucins synthesized by gastric carcinoma cells is
tightly associated with their differentiation. The pattern of
mucin expression may therefore provide new insights on
the differentiation pathways of gastric carcinoma.
The gallbladder mucus plays a regulatory role in cholelith-
iasis as it promotes the nucleation of stones [7]. Mucus,
calcium and lipids act in concert to form the cholesterol
gallstones [8]. However, there is not on record a system-
atic study on the putative relationship between mucin car-
bohydrate changes in gastric cancer and black pigment
gallstone formation. Since histochemical methods offer
an excellent research tool for the characterization of glyc-
oproteins [9] we attempted to investigate the alterations
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in these oligosaccharidic side chains in gastric and gall-
bladder epithelial cells by histochemical techniques to
shed further light in elucidating the development of gas-
tric carcinoma and gallstones.
Methods
Samples
Forty-four endoscopic human gastric biopsies of which
five samples were normal, thirteen intestinal metaplasia
and twenty-six carcinoma, and thirty surgically resected
human gallbladders of which three were normal and
twenty-seven were stone- containing, were obtained from
individuals of Surgical Gastroenterology Unit, Stanley
Govt. Medical College Hospital, Chennai after obtaining
the ethical clearance of the Hospital Medical Board. All
the specimens were fixed in 10% buffered formalin and
routinely embedded in paraffin wax. Serial sections of 4
µm thickness were cut and used for histochemistry.
Mucin Histochemistry
Alcian Blue (AB) staining was performed followed by Peri-
odic acid-Schiff's (PAS) to distinguish between neutral
mucins (staining magenta by PAS) and sialomucins
(staining blue by AB at pH 2.5) and sulfomucins (staining
brown by AB at pH 1.0).
The slides were dewaxed in xylene and treated in descend-
ing grades of ethanol (100%, 90%, 70%, 50% and 30%).
For the PAS-AB technique, slides were rinsed in 3% acetic
acid for 1 minute and treated with Alcian blue G8X(pH
2.5) for one hour and the procedure was repeated with
Alcian blue G8X (pH 1.0) for sulfomucins. After washing
in running tap water, the slides were treated with 1% peri-
odic acid for 30 minutes and kept in dark. They were
washed again in running tap water, treated with Schiff's
reagent for one hour and kept in dark conditions [6]. The
slides were finally dehydrated in ascending series of etha-
nol (30%, 50%, 70%, 90% and 100%) cleared in xylene
and mounted. After drying, the sections were visualized in
Axioscope two plus microscope (Carl Zeiss).
Results
Mucin histochemistry of normal gastric epithelium
Neutral mucins were expressed in the foveolar epithelium
and in the mucus gland cells of the antrum. Sialomucins
were slightly detected in normal gastric mucosa. An occa-
sional staining of sulfomucins was found in the foveolar
epithelial cells as shown in fig.1A.
Mucin histochemistry in intestinal metaplasia
Neutral mucins were decreased in intestinal metaplasia
compared to normal gastric mucosa, whereas sulfomucins
were found to be very high and intense staining of alcian
blue shows increased expression of sialomucins as in fig.
1B.
Mucin histochemistry in gastric carcinoma
Fig. 1C shows a significant staining of sialomucins rather
than sulfomucins by alcian blue staining performed at pH
2.5 and pH 1.0 respectively in gastric carcinoma com-
pared to normal gastric mucosa and a mild staining of
neutral mucins by PAS.
Mucin histochemistry of normal gallbladder
With the PAS-AB method, most of the goblet cells of nor-
mal gallbladder epithelium stained magenta indicating
the presence of neutral mucins and the acidic mucins
showed mild blue staining by alcian blue but brown color
staining were not observed indicating the absence of sul-
fomucins as in fig. 1D.
Histochemical analysis of neutral mucins, sialomu- cins and sulfomucins in gastric and gallbaldder epi- thelia Figure 1
(A) Histochemical analysis of neutral mucins, sialomucins 
and sulfomucins in gastric and gallbaldder epithelia. Normal 
Gastric Epithelium (× 40).(B) Histochemical analysis of neu-
tral mucins, sialomucins and sulfomucins in gastric and gall-
baldder epithelia.(C) Histochemical analysis of neutral 
mucins, sialomucins and sulfomucins in gastric and gallbaldder 
epithelia. Gastric Carcinoma (× 40).(D) Histochemical analy-
sis of neutral mucins, sialomucins and sulfomucins in gastric 
and gallbaldder epithelia. Normal gallbladder epithelium (× 
40).(E) Histochemical analysis of neutral mucins, sialomucins 
and sulfomucins in gastric and gallbaldder epithelia. Stone-
containing gallbladder epithelium (× 40).Journal of Carcinogenesis 2007, 6:10 http://www.carcinogenesis.com/content/6/1/10
Page 3 of 4
(page number not for citation purposes)
Mucin histochemistry of stone-containing gallbladder 
epithelium
Sulfomucins were expressed in supranuclear portions
with strong intensity as shown by the brown staining of
alcian blue at pH 1.0 and the intense blue staining of
sialomucins along with the weak staining intensity of neu-
tral mucins in goblet cells was observed by PAS-AB at pH
2.5 which is shown in fig 1E.
Discussion
Mucins are expressed in a cell- and tissue-specific pattern
in normal tissue [2]. Alterations of the expression pattern
of mucins have been described in carcinomas as well as in
their precursor lesions [10] and in the formation of gall-
stones [11]. In intestinal metaplasia, altered mucin carbo-
hydrate and peptide moieties of mucins may constitute
molecular markers of an increased risk of malignant trans-
formation [12].
In agreement with previous studies reporting the distribu-
tions of mucins in normal stomach and gallbladder [13-
15], we found that the expression of neutral mucins was
predominant. Intestinal metaplasia is one of the lesions
identified in the cascade of events that precede the devel-
opment of gastric cancer [16]. By histology, the intestinal
metaplasia is identified by the substitution of gastric
mucosa by an epithelium that resembles the intestinal
mucosa. We have observed moreover that sialomucins are
highly expressed in intestinal metaplasia, gastric carci-
noma as reported by Filipe et al., [17] and stone-contain-
ing gallbladder epithelium [11].
Altered hepatic bile supersaturated with cholesterol,
nucleation of cholesterol monohydrate crystals and
impaired gallbladder functions are three major factors
determining the formation of cholesterol gallstones [18].
Nucleation of cholesterol monohydrate crystals is closely
related to the concentration of mucus glycoproteins [19].
However, in black pigment stones which are devoid of
cholesterol, the interaction of mucin, calcium and
bilirubin is the sole mechanism for cholelithiasis [20]. In
this context the role of acidic mucins, especially sulfomu-
cins becomes more important to the formation of black
pigment stones. Since the presence of sulfomucins in
black pigment stone-containing gallbladder epithelium
has not yet been clearly established, we have analyzed the
same and report that sulfomucins are significantly
expressed in stone-containing gallbladder epithelium
compared to normal gallbladder epithelium and even to
intestinal metaplasia. This may indicate that patients with
gallstone disease are more prone to gallbladder cancer
than those without stones.
Therefore, our results may contribute to clarify the
changes from neutral mucins to acidic mucins in gastric
and gallbladder epithelium. The expression of sialylated
and sulfated residues is not dependent upon the protein
core of mucin. It remains to be investigated whether all
mucins (MUC1, MUC2, MUC4, MUC 5AC, MUC 5B,
MUC6 etc.) [21,22] may carry these sialylated and sul-
fated oligosaccharidic sidechains detected in intestinal
metaplasia, gastric carcinoma and cholelithiasis.
Conclusion
We conclude that the sulfomucins have a greater role in
gallstone formation than the neutral mucins showing that
patients suffering from gallstone disease have a high risk
for gallbladder cancer and also that the sialomucins and
sulfomucins play an important role in cancer progression
and metastasis. Our results challenge the glycobiologists
to delve deeper in elucidating the role of mucins in gastric
malignancy and in gallstone formation. Drugs or com-
pounds that regulate the sialylation and sulfation might
be an effective way to inhibit invasion, metastasis and
gallstone formation and this may open up novel thera-
peutic approaches.
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